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Abstract 
I investigate the effect of the medical brain drain on health in sub-Saharan Africa. Such 
information would be invaluable to policymakers; if doctors are likely to emigrate, there is little 
benefit in investing in their training. Previous work has mostly been limited to measuring 
correlations, which fail to illuminate causal pathways; countries with weakly structured 
healthcare systems may have both poor health and high physician emigration. I address the 
problem with an instrumental variable.  For African countries with historic colonial ties to the 
United Kingdom or France, I used immigration policy changes in these European nations to 
instrument for the medical brain drain. Higher rates of medical brain drain cause decreased 
physician density, decreased rates of measles immunizations among children, and increased rates 
of HIV prevalence in sub-Saharan Africa. Therefore, I conclude that targeting physician 
emigration would help improve health in the region. 
Section I: Introduction 
 
The medical brain drain from sub-Saharan Africa has been well-documented, although its 
consequences on health in the region remain unclear. By the year 2000, approximately one-fifth 
of all African-born physicians practiced medicine abroad (Clemens and Pettersson 2008). These 
physicians represent an enormous lost investment to sub-Saharan African nations. In most 
African countries, primary school, secondary school, and most medical schools are either free of 
charge or extremely inexpensive due to government subsides. Essentially, African governments 
(and therefore African citizens) fund the majority of medical training. For the country of South 
Africa, these educational costs plus the lost wages and productivity of South African physicians 
currently practicing medicine in the United States, the United Kingdom, Canada, or Australia 
generates a total loss of $1.4 billion. The same calculation for nine sub-Saharan African 
countries in which HIV prevalence exceeds 5% totals over $2.0 billion (Mills 2011).  
 To identify the causal impact of medical brain drain on health outcomes in sub-Saharan 
Africa, I created an instrumental variables model using historic ties between African nations and 
Europe, along with changes in European immigration policies. I found that an increase of one 
percentage point in the medical brain drain causes a 0.511 percentage point drop in measles 
immunization rates, a 0.089 increase in the prevalence of HIV, and a 0.0016 decrease in the 
number of doctors per 1000 people in a country.  
With fewer doctors available in the country, access to life-saving medical treatment and 
education, like measles immunizations or HIV prevention information, decreases dramatically. 
The reduction in physician density additionally compounds health issues in sub-Saharan Africa, 
a region already plagued by extremely low physician density.  Theoretically, those doctors that 
find opportunities abroad are those with the best training and performance; therefore, the brain 
drain may have even greater undetected effects on physician quality, because of the possibility 
that doctors remaining in the country may be less educated or lower-performing. A decrease in 
measles immunizations and an increase in HIV prevalence directly contradict current United 
Nations Millennium Development Goals that call for improved children’s health and fierce 
combat of the HIV/AIDS.  
Appropriate policy measures must be taken to address the medical brain drain, but the 
crafting of such policy faces complicated ethical issues. Should developed countries, such as the 
United Kingdom, limit the number of physicians firms may hire from developing countries? This 
would put a large economic strain on these firms, which often rely on African physicians to fill 
medical personnel deficits at low wages. Should African countries limit the number of physicians 
allowed to leave the country? That could lead to even worse health conditions; fewer people may 
invest in medical education if they are unsure of having the opportunity to use their skills abroad. 
Ultimately, in order to improve health in sub-Saharan Africa, medical brain drain flows must be 
reduced. The precise method for achieving this, though, requires further research. 
Section II: Literature Review 
 Despite the extensive literature that describes the negative correlations between medical 
brain drain and health in sub-Saharan Africa, findings firm enough to base migration policy on 
remain elusive. Researchers have linked high rates of physician emigration to lower physician 
density and higher HIV prevalence, but have not been able to prove the physician emigration 
actually causes these results. We can confidently attest, though, that some of the countries 
hardest hit by medical brain drain in the world are the mid-sized countries of sub-Saharan Africa. 
Therefore, it is crucial to investigate whether the medical brain drain in these countries causes 
poor health, and if so, how policy can be best targeted to change this. 
A rich literature documents that physician emigration has been growing over the past few 
decades. Is this change in migration affecting health? Hagopian (2004) found that these higher 
rates of medical brain drain have significant negative impacts on African doctor-to-population 
ratios. Such ratios have been proven to affect child vaccination rates, an accepted and accurate 
measure of health standards. The physician brain drain in sub-Saharan Africa has also been 
linked to higher rates of HIV deaths; however, due to the endogeneity of the medical brain drain, 
a convincing causal impact has yet to be determined.  
In today’s most authoritative study on the matter, Bhargava and Docquier (2011) 
documented the actual rates of this brain drain. They created a new panel data set that tabulated 
the number of doctors trained in developing countries who then emigrated during the period from 
1991-2004. They found that of the 30 countries in the world most heavily impacted by medical 
brain drain from 1991-2004, fully half (15) were located in sub-Saharan Africa. Bhargava and 
Docquier (2010) used a time-lagged variable of medical brain drain to instrument for the current 
medical brain drain rate. While this approach led to properly identified estimations, it relied on 
using a lagged value of an endogenous variable as an exogenous identifying variable. The 
assumption that an historical value of medical brain drain rate is exogenous is not a solid one; 
physician emigration, past and present, is linked with healthcare conditions in a nation that also 
affect the outcomes that Bhargava and Docquier examined (infant and child mortality, and 
immunization rates).  
 Clemens and Pettersson (2006) used slightly different specifications to build an earlier 
dataset. They chose to track the number of “African-born” physicians practicing abroad, in 
contrast with Bhargava and Docquier’s “African-trained” specification. They found that 
approximately one-fifth of African-born physicians were practicing medicine abroad circa 2000. 
Additionally, they found that some of the poorest countries have the lowest rates of emigration. 
This may be due to the fact that not only do citizens of these countries have limited resources, 
but there are also very few medical schools in these countries. Wealthier countries also had lower 
than average rates of medical brain drain. They attributed this to the greater number of 
opportunities for employment and financial stability in the home country. Interestingly, these two 
findings showed that intermediate countries in terms of size and income levels are those hardest 
hit by the medical brain drain in sub-Saharan Africa.  
 Bhargava and Docquier (2008) established the correlation between high rates of medical 
brain drain and high prevalence of HIV. A doubling of the medical brain drain rate was linked 
with a 20% increase in adult deaths from HIV. They found no relationship between the medical 
brain drain rate and life expectancy; this suggested that the medical brain drain rate works on 
health outcomes through the channel of physician accessibility. Since life expectancy is often a 
function of economic development rather than the availability of doctors, their findings were not 
unexpected. While they used country-level control variables for public health expenditures, they 
did not establish true causality.  
  Researchers have begun to turn to the destination countries of these physicians for more 
answers. Blacklock (2011) found during an analysis of European immigration policy that ethical 
guidelines regarding recruitment of medical personnel from developing nations is completely 
ineffectual in actually reducing such recruitment. Most firms get around such guidelines by 
referring to other European governmental statutes that list healthcare as a field with a large 
personnel deficit. Effectively curbing these migration flows requires explicit legislation.  
Section III: Data 
 I used a panel dataset spanning 14 years and including 33 sub-Saharan African nations, 
combined with several control variables and health indicators from the World Bank. For my 
analysis, I focused on a variable called the medical brain drain rate, which was calculated from 
the number of physicians trained in a country and the number of physicians emigrating from that 
country each year. I found an inverse relationship between medical brain drain and physician 
density in each African nation. Examination of specific migration patterns and trends revealed 
that the majority of doctors migrating from former French or British colonies travel to France or 
the United Kingdom, respectively.  
a. Data Sources and Key Variables  
The data that I used comes from two main sources. Docquier and Bhargava (2011) compiled 
the first source, a dataset called the Revised Panel Data Set on Physician Emigration (1991-
2004). Of this dataset, I used only those sub-Saharan African countries that were former colonies 
of either the United Kingdom or France. Also, I excluded South Africa despite its historic 
relationship with the United Kingdom because of the fact that South Africa and the United 
Kingdom came to an independent legal agreement regarding physician recruitment practices in 
2003 (Blacklock 2011). In total, I included 33 countries; 16 of these had historic colonial ties to 
the United Kingdom and 17 had historic colonial ties to France. The dataset includes 
observations from 14 years, 1991-2004. 
Docquier and Bhargava’s dataset includes the population of each country, the total 
number of physicians trained in each sub-Saharan African country, the total number of 
physicians who emigrated from each country, and the exact number of physicians that emigrated 
to each of 16 OECD destination countries. Also included was the number of physicians per 1000 
people in each country. Their dataset defines a new term, called the medical brain drain rate, 
which they obtained by dividing the number of doctors emigrating from the country by the total 
number of doctors trained in that country in a given year. I used this value as my independent 
variable in the analysis of physician emigration. 
I obtained any additional control variables and all dependent health outcome variables 
from the World Bank “World Development Indicators” data base. For dependent health 
outcomes I used HIV prevalence among adults (as a percent of the population ages 15-49 years) 
and vaccination rates for measles (as a percent of children ages 12-23 months). As control 
variables, I included GDP per capita (in constant 2000 US dollars), public health expenditures 
per capita (in current US dollars), fertility rates, the amount of remittances flowing into the 
country (in current US dollars), and the percent of the population living in rural areas.  
b. The Growth of Medical Brain Drain  
In the time period of interest (1991-2004), growth in the medical brain drain rate far 
outpaced growth in the number of physicians per 1000 citizens (Table I). Researchers, like 
Hagopian (2004), often use physician density as a general indicator of healthcare quality in a 
region; the fewer available doctors there are, the poorer the healthcare. 
Table I: Medical Brain Drain Rate is Outpacing the Growth of Physicians in sub-Saharan Africa 
Variable 1991 2004 
Medical brain 
drain rate 
0.076666 0.105871 
Physicians/ 
1000 people 
0.154309 0.163879 
Table I: From 1991 to 2004, the mean number of physicians per 1000 citizens in the region increased by less than 
0.01 physicians. The medical brain drain rate increased by 2.9 percentage points. Increasing numbers of physicians 
receive training but the proportion of these physicians who emigrate is growing at an even faster rate. 
 
 In Figure 1, I compare the medical brain drain increase from 1991-2004 with the change 
in physician density in the same time period for the eight sub-Saharan African nations with the 
greatest changes in medical brain drain. In these countries, the number of physicians per 1000 
citizens either completely stagnated or decreased, despite a general time trend in the region of 
increasing physician density (Table I). This data refutes the claim that because emigration is a 
motivating force for entering the medical field, the number of physicians could actually increase 
over time as more students undertake the study of medicine. 
 
Figure 1: The Inverse Relationship between Medical Brain Drain and Physicians per 1000 People 
 
Figure 1: Eight countries with severe medical brain drain rate increases in the period 1991-2004 (1-8: Zimbabwe, 
Ethiopia, Rwanda, Zambia, Tanzania, Liberia, Togo, and Cameroon). In countries where the rate of physicians 
emigrating increased, the number of physicians per 1000 citizens either stagnated or decreased. 
 
Since the dataset categorizes each emigrating physician by destination country as well as 
source country, I determined which specific flows were driving the medical brain drain in each 
country. In other words, the main question was: which destination countries were most popular 
among emigrating physicians in each African nation? I found that the most common emigration 
patterns were from African nations that had formerly been European colonies to the former 
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colonizing country. These trends may be driven by similarities in language and governmental 
structure, or by relative geographical proximity (when compared to other major destination 
countries like the United States, Canada, or Australia), or by some combination of these factors. 
 
c. Select Case Studies of Migration Flows 
In the former British colonies of Tanzania and Nigeria (Figures 2 and 3), physicians 
migrating to the United Kingdom constituted the major portion of the medical brain drain rate. In 
the former French colonies of the Republic of Congo and Togo (Figures 4 and 5), physicians 
migrating to France made up the majority of émigrés. This relationship was not merely 
coincidental; countries that did not have colonial ties with France or the United Kingdom did not 
exhibit the same patterns. Figure 6 shows that no correlation exists between physicians migrating 
to the United Kingdom and the brain drain rate of the Democratic Republic of Congo, a former 
Belgian colony. 
Table II shows statistical evidence of the relationships presented in Figures 2-6. By 2004, 
30.92% of all physicians emigrating from former British colonies traveled to the United 
Kingdom, while less than 0.02% settled in France. Conversely, in 2004 53.72% of all physicians 
emigrating from former French colonies migrated to France, while only 1.92% went to the 
United Kingdom. Clearly, historic colonial ties strongly influence medical brain drain flows. 
 
 
 
 
 
Figure 2: Migration to the United Kingdom Drives Tanzanian Brain Drain 
 
Figure 2: The left axis measures the number of physicians migrating to the United Kingdom, while the right axis 
measures the medical brain drain rate in Tanzania, a former UK colony.  
 
 
Figure 3: Migration to the United Kingdom Drives Nigerian Brain Drain 
 
Figure 3: The left axis measures the number of physicians migrating to the United Kingdom, while the right axis 
measures the medical brain drain rate in Nigeria, a former UK colony.  
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 Figure 4: Migration to France Drives Congolese Brain Drain 
 
Figure 4: The left axis measures the number of physicians migrating to France, while the right axis measures the 
medical brain drain rate in the Republic of Congo, a former French colony.  
 
Figure 5: Migration to France Drives Togolese Brain Drain 
 
Figure 5: The left axis measures the number of physicians migrating to France, while the right axis measures the 
medical brain drain rate in Togo, a former French colony.  
 
0.00000
0.01000
0.02000
0.03000
0.04000
0.05000
0.06000
0.07000
0.08000
0.09000
0.10000
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.00
1990 1995 2000 2005
Physicians to France
MBD Rate
0.00000
0.02000
0.04000
0.06000
0.08000
0.10000
0.12000
0.14000
0.00
5.00
10.00
15.00
20.00
25.00
1990 1992 1994 1996 1998 2000 2002 2004 2006
Physicians to France
MBD Rate
  
 
Figure 6: Migration to the United Kingdom Uncorrelated with Brain Drain in Democratic Republic of Congo 
 
Figure 5: The left axis measures the number of physicians migrating to France, while the right axis measures the 
medical brain drain rate in Togo, a former French colony.  
  
 
Table II: Flow to Former Colonizing Country Drives Emigration Flows from Former Colonies 
 
 
 
 
Former 
UK       
Former 
France   
        Destination Mean 1991 2004   Mean 1991 2004 
  
       UK 25.80% 25.80% 30.92% 
 
0.72% 32.75% 1.92% 
France 0.008% 0.0% 0.019% 
 
44.83% 36.78% 53.72% 
 
Table II: Proportions displayed represent the percentage of emigrating physicians from either former French or 
former British colonies that traveled to either the United Kingdom or France. The “mean” is the mean for the entire 
time period, while 1991 measures the beginning of the period and 2004 measures the end of it. 
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Section IV: Empirical Method  
Due to the endogeneity of medical brain drain, an OLS model would estimate inaccurate 
results. To address this, I created an instrumental variable. Colonial ties between sub-Saharan 
African nations and either France or the United Kingdom, when interacted with loosened 
immigration policy in France and the United Kingdom, demonstrated a statistically significant 
correlation with the medical brain drain.  I used variation in medical brain drain due only to this 
instrument to construct a fixed effects instrumental variable model for the effects of brain drain 
on health outcomes. 
a. The OLS Model 
It is easy to imagine a scenario in which medical brain drain is inherently linked to health 
outcomes. Doctors may be more likely to leave a struggling healthcare system, and a struggling 
system will provide poor health outcomes. Therefore, I cannot estimate the causal effect of 
physician emigration on health outcomes with a basic OLS model. Equation (1) represents what 
such an OLS model would be. Let Yit be a health indicator in a given country in one year and let 
Xit  be a set of country-specific, time-varying control variables. The necessary assumption for an 
unbiased estimator, Cov(MBDit, μit) = 0, does not hold. 
(1) Yit = β0 + β1(MBDit) + β2(Xit) + μit 
 
a. The IV Model 
To address the endogeneity of medical brain drain I use an instrumental variables model 
to estimate the impact of brain drain on health. In such an approach, exactly one exogenous 
variable, Zit identifies one endogenous independent variable. This instrument, Zit, must be 
uncorrelated with the error term μit but strongly correlated with the endogenous explanatory 
variable. In equations (2) and (3), this means that for a valid instrument, Cov(Zit, MBDit) ≠ 0 and 
Cov(Zit, μit) = 0.  
(2) MBDit
*
 = α0 + α1Zit +α2Xit+ εit 
(3) Yit = β0 + β1MBDit* + β2Xit + μt 
In equation (3), Xit represents the set of exogenous control variables that will also be 
found in the second-stage of the model. MBDit* is the estimate of the medical brain drain rate in 
country i and year t that comes from variation in the instrument. I use this estimation of MBDit*
 
as the explanatory variable in the second-stage equation (3). 
In Section III, I determined that in African nations with historical ties to a European 
nation, physicians migrating to that European nation drive the medical brain drain. I focused on 
the United Kingdom and France due to their historically widespread prevalence as European 
colonizers in Africa. Because the United Kingdom and France colonized sub-Saharan African 
nations more than a century ago, I consider historic colonial ties to be completely exogenous. 
Whether an African nation was formerly colonized by the United Kingdom or by France, two 
European countries with similar governmental structures and financial stability in the time period 
of colonization, is uncorrelated with health in African nations from 1991-2004. Therefore, 
historic European colonial presence does not violate the requirement that Cov(Zit, μit) = 0.  
During the time period 1991-2004, shifts in political power that led to loosened 
immigration policies in both the United Kingdom and France. These policies especially loosened 
restrictions for skilled and highly educated immigrants, like physicians. In 1997, an election took 
place in the United Kingdom. A change in power occurred, resulting in the beginning of the rule 
of the Labour Party. With explicit goals of obtaining the “economic benefits” of increased 
immigration and more subtle objectives of “mak[ing] the UK truly multicultural,” the Labour 
Party loosened immigration controls and encouraged higher levels of immigration. The Labour 
Party passed concrete legislation reinforcing this change in attitudes in 1999. The legislation was 
not reformed to curb immigration flows until 2007, after the scope of this study (Boswell, 2008). 
The 1999 legislation change in Britain corresponded with an increase in overall immigration into 
the country. In sub-Saharan countries in which the United Kingdom had an historic presence, a 
trend shift in medical brain drain occurred after the 1999 passage of legislation. 
In France, a similar situation occurred. An important election occured in France in 1997 
as well, during which the Socialist Party assumed power. The Socialist Party cited goals of 
expanded immigration. The new Minister of Interior, Jean-Pierre Chevenement, passed the  
Chevenement Laws in 1997, which opened French doors to immigration. The Laws abolished 
previous income requirements for potential immigrants, loosened restrictions on family 
reunification visas, and created higher availability of visas for “foreign scholars and professors,” 
indicating increased French interest in skilled migration (Cornelius, 2004).  As in the United 
Kingdom, the shifting political attitude toward immigration policy and the resultant relaxation in 
such policy corresponded with much higher rates of immigration into France. Medical brain 
drain from former French colonies to France greatly increased after the 1997 Chevenement 
Laws. 
Because the immigration policy changes took place in the United Kingdom and France, 
they satisfy the exogeneity requirement for an instrumental variable. Changes in European 
legislation are not correlated with health outcomes in sub-Saharan African, but they are 
correlated with changes in the medical brain drain. To interact the former colonial presence with 
immigration policy changes in the former colonizer, I created an instrumental variable for 
“loosened immigration.” Table III describes how I define the values of this instrument.  
 
Table III: Defining the “Loosened Immigration” Instrument 
 
Former French 
colony 
Former UK 
colony 
Before French policy 
  change (1991-1996) 0 0 
After French policy 
  change (1997-2004) 1 0 
Before UK policy 
  change (1991-1998) 0 0 
After UK policy 
  change (1999-2004) 0 1 
Table III: The instrumental is a dummy variable that takes on a value of 1 if and only if the former colonizer of 
African country i had loosened immigration policy. The variable is equal to 1 when the country is a former French 
colony and France had loosened immigration policy, or when the country is a former UK colony and the United 
Kingdom had loosened immigration policy. 
 
I used equation (2) to test the strength of the “loosened immigration” instrument. I also 
tested instruments for changes in French policy and UK policy separately, but found the grouped 
“loosened immigration” term had the strongest correlation with medical brain drain (see Section 
V, Table V). Because the “loosened immigration” instrument was correlated with medical brain 
drain, I used it to estimate changes in medical brain drain due exclusively to exogenous changes 
in European immigration policy. Then, in equation (3), I used these specific fluctuations in 
medical brain drain to estimate the causal impact of brain drain on several health indicators. In 
the final model, I used fixed effects to account for the unique characteristics of each country that 
do not vary over time. 
 
Section V: Estimation and Results 
 Estimation of an OLS model suggested that an increase in medical brain drain is 
correlated with an increase in measles immunizations, an insignificant increase in physician 
density, and no change in HIV prevalence. These counterintuitive results demonstrate the 
inaccuracy of an OLS approach. A fixed effects model showed a significant and positive 
correlation between medical brain drain and the interaction term created as an instrument; when 
European immigration policies loosened, medical brain drain from sub-Saharan Africa increased. 
The final model, which included this instrument, showed that an increase of one percentage point 
in medical brain causes a 0.511 percentage point decrease in measles immunizations (children 
ages 12-23 months), a 0.089 percentage point increase in HIV prevalence (adults ages 15-49), 
and a 0.0016 decrease in physicians per 1000 people. 
a. The OLS Model 
I first estimated an OLS model of three health indicators on medical brain drain, given in 
Section IV as equation (1). The OLS model ignores the issue of the endogeneity of medical brain 
drain, and demonstrates the inaccuracy of this approach. In the results shown in Table IV, the 
medical brain drain is not statistically significantly correlated with HIV prevalence. The medical 
brain drain is very strongly correlated with the percent of children aged 12-23 months who 
received the measles, but in a counterintuitive way: as medical brain drain increases, 
immunization rates also increase. The medical brain drain is also very strongly correlated with 
the number of physicians per 1000 people in the country, but again in an illogical way. As 
medical brain drain increases, the number of doctors available in the country also increases. 
Theoretically, neither scenario makes sense. Higher rates of medical brain drain should mean 
that more doctors are leaving; then, since fewer doctors are left behind, fewer doctors are 
available to perform immunizations. Such results may be likely due to the general trends in the 
variables over time, as medical brain drain, immunization rates, and physician density were all 
increasing during the period of interest. This relationship captures no causation. 
 
Table IV 
Table V: The OLS model inaccurately describes the relationship between medical brain drain and HIV prevalence, 
measles immunizations, and physician density due to the correlation between brain drain and the error term. 
 
 
 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
Standard errors in parentheses
                                                                       
r2_a                        0.671            0.529            0.558    
r2                          0.697            0.567            0.593    
n                                                                      
                                                                       
                          (7.461)          (22.49)          (0.250)    
Constant                   -0.736            107.3****       -0.385    
                         (0.0233)         (0.0666)       (0.000746)    
% Population Rural          0.285****        0.565****      0.00261****
                          (0.840)          (2.631)         (0.0282)    
Health Expenditures         2.208***        -4.703*        -0.00148    
                          (0.161)          (0.460)        (0.00519)    
Remittances                -0.908****       -1.582****       0.0232****
                          (0.824)          (2.594)         (0.0272)    
GDP/capita                  1.808**          4.957*           0.136****
                          (0.493)          (1.461)         (0.0165)    
Fertility                  -3.288****       -10.21****      -0.0288*   
                          (1.033)          (3.111)         (0.0339)    
Population                  2.438**         -6.076*         -0.0474    
                          (3.511)          (10.29)          (0.116)    
Medical Brain Drain         2.286            44.06****        0.182    
                                                                       
                     HIV Prevalence     Measles Immun.     Physician Density    
                              (1)              (2)              (3)    
                                                                       
OLS Estimation of Brain Drain Effects on Select Health Indicators
  
 
 
 
Table V 
 
Table V: I used “loosened policy” as the instrument in all following estimations, due the strength of its correlation 
with the medical brain drain. When I tested loosened immigration policies for France and the United Kingdom 
separately, I found no significant correlation with medical brain drain. 
 
 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
Standard errors in parentheses
                                                                                        
r2_a                        0.165            0.170            0.167           0.0548    
r2                          0.347            0.347            0.341            0.251    
n                                                                                       
                                                                                        
                          (2.255)          (1.995)          (1.935)          (2.127)    
Constant                    4.050*           3.725*           3.114            3.328    
                        (0.00227)        (0.00227)                         (0.00240)    
% Population Rural        0.00277          0.00278                           0.00422*   
                          (27.78)          (27.59)          (27.61)          (29.12)    
Health Expenditures        -49.73*          -48.94*          -47.78*          -29.55    
                        (0.00152)        (0.00151)        (0.00149)        (0.00161)    
Remittances               0.00337**        0.00343**        0.00370**        0.00340**  
                         (0.0263)         (0.0262)         (0.0262)         (0.0274)    
GDP/capita                 -0.113****       -0.113****       -0.115****      -0.0892*** 
                         (0.0173)         (0.0163)         (0.0162)                     
Fertility                  0.0802****       0.0784****       0.0810****                 
                          (0.143)          (0.126)          (0.119)          (0.134)    
Population                 -0.246*          -0.225*          -0.176           -0.190    
                        (0.00925)                                                       
Loose Policy in France       0.0140                                                       
                        (0.00797)                                                       
Loose Policy in UK         0.0109                                                       
                                         (0.00695)        (0.00696)        (0.00741)    
Loosened Policy                             0.0121*          0.0123*          0.0137*   
                                                                                        
                      Brain Drain      Brain Drain      Brain Drain      Brain Drain    
                              (1)              (2)              (3)              (4)    
                                                                                        
The First Stage: Strength of the Instrument
b. Determining the Proper Instrument 
I adjusted the model to an instrumental variables approach to address the endogeneity of 
the brain drain. To determine the best instrument for brain drain, I tested the strength of the 
correlation between medical brain drain and three candidate instruments: loosened immigration 
policy in the United Kingdom, loosened immigration policy in France, or loosened policy in 
either country. All three of these potential instruments were completely exogenous, as discussed 
in Section IV. Therefore, a correlation between brain drain and any one of these potential 
instruments would establish the variable as a valid instrument. To test the strength of these 
candidate instruments, I estimated a fixed effects model, equation (2). The results of this 
estimation, shown in Table V, reveal that loosened immigration policy in the United Kingdom or 
France alone are not significantly correlated with the medical brain drain; however, when I tested 
the immigration policies for both countries together, I found a significant correlation with 
medical brain drain. This correlation was quite robust to adjustments of the model. Because of 
these results, I chose to use the combined immigration policy changes as the instrument for 
medical brain drain. 
 
c. Results from the IV Model 
With this instrument, I estimated the causal effects of medical brain drain on the percent 
of children ages 12-23 months who received the measles vaccine, HIV prevalence (as a percent 
of the population ages 15-49), and the number of physicians per 1000 people in the country.
1
 I 
estimated the results using equation (3) as described in Section IV. These results are shown in 
Tables VI, VII, and VIII respectively. I found that increased medical brain drain decreases 
                                                          
1
 See Appendix 1 for explanation of treatment of physician density as a dependent variable. 
childhood immunization rates for measles, increases HIV prevalence, and decreases the number 
of physicians per 1000 people. 
In the model shown in Table VI, I found that an increase in medical brain drain leads to a 
decrease of 51.12 percentage points in childhood measles immunizations. Though this result 
seems unreasonably large, in the real world, the changes would not be nearly as drastic. This 
51.12 percentage point decrease is the change that would occur were medical brain drain to 
increase by one. Since in this model, medical brain drain is measured as a percent, a value of 1 
for medical brain drain would mean that 100% of doctors trained in a country emigrated from it. 
An increase of one percentage point in medical brain drain is measured by 0.01. Therefore, 
realistically, the medical brain drain would never increase in increments of one, but rather by 
0.01. Childhood measles immunizations decrease by 0.5112 percentage points for every 
percentage point (0.01) increase in medical brain drain.  
The coefficient for medical brain drain on measles immunizations rate was fairly robust 
when certain control variables were excluded. Because the coefficient should be interpreted in 
terms of 0.01 increases in medical brain drain, its value ranged from -0.4992 to -.6914 
percentage points depending on the specification. All coefficients were statistically significant. 
I found that an increase of 0.01 in the medical brain drain causes an increase of 0.0889 
percentage points in HIV prevalence (see Table VII). These results were again quite robust; 
depending on the specification, I found that the estimated impact of a one percentage point 
increase in the medical brain drain ranged from 0.0615-0.0889 percentage points. All 
coefficients were statistically significant. 
 
  
 
Table VI 
 
Table VI: Increasing medical brain drain by one percentage point (0.01) causes a decrease in children’s measles 
immunizations of up to 0.6914 percentage points. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
Standard errors in parentheses
                                                                                        
r2_a                        0.122            0.114           0.0792            0.127    
r2                          0.309            0.298            0.221            0.309    
n                                                                                       
                                                                                        
                         (8346.8)         (8152.3)         (6068.2)         (8333.4)    
Health Expenditures       -1742.5          -5114.2           -890.3          -1508.0    
                          (0.687)          (0.692)          (0.460)                     
% Population Rural          0.295            0.301          -0.0668                     
                          (0.455)          (0.458)                           (0.450)    
Remittances                 0.128            0.117                             0.156    
                          (8.648)                           (6.325)          (8.653)    
GDP/capita                  14.17                             2.409            14.19    
                          (5.461)          (5.145)          (3.888)          (5.461)    
Fertility                  -16.23***        -13.05**         -1.690           -16.14*** 
                          (39.11)          (36.48)          (28.44)          (36.62)    
Population                  61.87            37.61            28.29            67.80*   
                          (23.62)          (22.42)          (19.84)          (23.47)    
Medical Brain Drain        -51.12**         -64.12***        -69.14****       -49.92**  
                                                                                        
                     Measles Immun.     Measles Immun.     Measles Immun.     Measles Immun.    
                              (1)              (2)              (3)              (4)    
                                                                                        
The Effects of Medical Brain Drain on Measles Immunizations
Table VII 
Table VII: An increase in medical brain drain of one percentage point (0.01) causes an increase in adult HIV 
prevalence of up to 0.089 percentage points. 
 
Finally, I found that medical brain drain causes a reduction in physician density. For 
every percentage point increase in medical brain drain, the number of physicians per 1000 people 
dropped by 0.0016 (Table VIII). The results were fairly robust across several specifications, 
ranging from -0.0016 to -0.0021. The coefficient in all specifications was statistically significant. 
Though the magnitude of this relationship may seem insignificant, in 1991 the mean value in 
these countries for physicians per 1000 people was only 0.1345. Therefore, a change in medical 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
Standard errors in parentheses
                                                                                        
r2_a                        0.385            0.365            0.280            0.338    
r2                          0.514            0.494            0.390            0.473    
n                                                                                       
                                                                                        
                         (5390.3)         (5382.5)         (6490.5)         (5590.1)    
Health Expenditures      -11019.0**        -8149.8         -11786.7*         -9184.1    
                         (0.0988)          (0.101)         (0.0820)                     
% Population Rural         -0.375****       -0.374****        0.125                     
                         (0.0662)         (0.0675)                          (0.0682)    
Remittances               -0.0310          -0.0357                           -0.0670    
                          (1.227)                           (1.146)          (1.278)    
GDP/capita                  3.213***                          5.301****        3.196**  
                          (0.764)          (0.738)          (0.706)          (0.793)    
Fertility                  -4.653****       -4.012****       -7.135****       -4.841****
                          (5.545)          (5.378)          (5.373)          (5.461)    
Population                 -17.27***        -21.77****       -12.58**         -24.11****
                          (3.392)          (3.292)          (3.548)          (3.512)    
Medical Brain Drain         8.883***         6.153*           7.287**          7.529**  
                                                                                        
                     HIV Prevalence     HIV Prevalence     HIV Prevalence     HIV Prevalence    
                              (1)              (2)              (3)              (4)    
                                                                                        
The Effects of Medical Brain Drain on HIV Prevalence
brain drain of one percentage point actually causes a change in physician density of 1.19% 
(0.0016 is 1.19% of 0.1345 physicians per 1000 people). This finding directly contrasts with 
previous conclusions made by Bhargava and Docquier (2011), which suggested that the 
possibility of emigration may actually encourage students to enter the medical field, thus 
increasing the physician density and somewhat off-setting the magnitude of the brain drain. 
These results do confirm the work of Hagopian (2004), though, which demonstrated an inverse 
relationship between medical brain drain and physician density. 
Table VIII 
 
Table VIII: An increase in medical brain drain of one percentage point (0.01) causes a decrease in physician density 
of up to 0.002 doctors per 1000 people.  
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
Standard errors in parentheses
                                                                                        
r2_a                      -0.0156          -0.0680           0.0157         -0.00930    
r2                          0.197            0.150            0.165            0.197    
n                                                                                       
                                                                                        
                          (18.52)          (18.60)          (12.44)          (18.50)    
Healthspend                 6.443           -6.434            3.712            6.389    
                        (0.00152)        (0.00156)       (0.000943)                     
% Population Rural     -0.0000913        -0.000256        -0.000220                     
                        (0.00101)        (0.00104)                        (0.001000)    
Remittances             -0.000134       -0.0000672                         -0.000142    
                         (0.0181)                          (0.0127)         (0.0181)    
GDP/capita                 0.0579***                         0.0407***        0.0579*** 
                         (0.0116)         (0.0114)        (0.00789)         (0.0115)    
Fertility                  0.0115           0.0220*        -0.00844           0.0114    
                         (0.0842)         (0.0820)         (0.0579)         (0.0795)    
Population                -0.0614           -0.148*         -0.0890          -0.0630    
                         (0.0523)         (0.0512)         (0.0406)         (0.0520)    
Medical Brain Drain        -0.155***        -0.207****       -0.200****       -0.156*** 
                                                                                        
                     Drs./1000 people     Drs./1000 people     Drs./1000 people     Drs./1000 people    
                              (1)              (2)              (3)              (4)    
                                                                                        
The Effects of Medical Brain Drain on Physician Density (Physicians/1000 People)
Section VI: Conclusions 
Higher rates of medical brain drain lead to lower rates of measles immunizations, higher 
rates of HIV prevalence, and lower physician density in sub-Saharan Africa. Reducing the 
magnitude of physician emigration would lead to improved health in the region. Targeting a 
reduced medical brain drain for sub-Saharan Africa will require carefully tailored policy. 
Blacklock (2011) showed that only explicit legislation curbs recruitment of foreign physicians by 
firms in the United Kingdom.  
Conditions of the healthcare systems in sub-Saharan Africa should also be taken into 
account. Further research should investigate what types of incentives physicians would respond 
to in their home countries. For instance, would increased pay for African physicians make them 
less likely to leave, or would they respond better to improved access to medical technologies and 
advanced pharmaceuticals?  Determining the appropriate incentives to offer African-trained 
physicians will help to keep them from emigrating without denying them the legal right to do so. 
Their choosing to practice medicine in their home country will then lead to improvements in 
health outcomes in sub-Saharan Africa. Addressing the medical brain drain from sub-Saharan 
Africa should be a central part of future policies attempting to improve health in the region. 
 
 
 
 
 
Appendix 1 
Physician Density 
 Despite the fact that Bhargava and Docquier (2011) treat physician density as a control 
variable, I chose to use it as a dependent variable in this analysis. Inclusion of physician density 
as a control variable led to pronounced collinearity in my models. Logically, it does not make 
much sense to use physician density as a control variable for medical brain drain. Since medical 
brain drain captures the rates of physicians leaving the country, I predicted that medical brain 
drain was significantly correlated with the physician density. I confirmed this by estimating a 
simple OLS model of medical brain drain on physician density (Table IV). When I estimated the 
causal impact of medical brain drain on physician density using an instrumental variables model, 
I found that increased medical brain drain causes a significant decrease in the physician density 
(Table VIII). Therefore, I chose to use decreased physician density as an indicator of the 
negative effects of medical brain drain instead of as a control variable in the model. 
 
 
 
 
 
 
 
References  
Bertocchi, Graziella and Fabio Canova. 1996. "Did Colonization Matter for Growth? an 
Empirical Exploration into the Historical Causes of Africa's Underdevelopment" Centre for 
Economic Policy Research, Discussion Papers(1444).  
Bhargava, Alok and Frédéric Docquier. 2008. "HIV Pandemic, Medical Brain Drain, and 
Economic Development in Sub-Saharan Africa" The World Bank Economic Review, 22(2): 345-
366.  
Bhargava, Alok, Frédéric Docquier, and Y. Moullan. 2011. "Modeling the Effects of 
Physician Emigration on Human Development" Economic Human Biology, 9(2): 172--183.  
Blacklock, C., C. Heneghan, D. Mant, and AM Ward. 2012. "Effect of UK Policy on Medical 
Migration: A Time Series Analysis of Physician Registration Data" Human Resources of Health, 
10(1): 35.  
Boswell, Christina. 2008. "UK Labour Migration Policy: A Permanent Revolution?" Centro 
Studi di Politica Internazionale, Luglio.  
Clemens, MA and G. Pettersson. 2008. "New Data on African Health Professionals Abroad" 
Human Resources of Health, 6(1).  
Cornelius, Wayne A. 2004. Controlling Immigration: A Global Perspective. Standford, CA: 
Standford University Press.  
Hagopian, A., MJ Thompson, M. Fordyce, KE Johnson, and LG Hart. 2004. "The Migration 
of Physicians from Sub-Saharan Africa to the United States of America: Measures of the African 
Brain Drain" Human Resources of Health, 2(1): 17.  
Ikem, Fidelis M. and Arnold M. Reisman. 1990. "An Approach to Planning for Physician 
Requirements in Developing Countries using Dynamic Programming" Operations research, 
38(4): 607-618.  
Kingma, M. 2005. "Migration of Health Professionals" Cahiers de sociologie et de démographie 
médicales, 45(2-3): 287-306.  
Kirigia, Joses M., Akpa R. Gbary, Lenity K. Muthuri, Jennifer Nyoni, and Anthony 
Seddoh. 2006. "The Cost of Health Professionals' Brain Drain in Kenya" BMC Health Services 
Research, 6(89).  
Mills, E. J. and et al. 2011. "The Financial Cost of Doctors Emigrating from Sub-Saharan 
Africa: Human Capital Analysis. 
 " BMJ: BMJ 2011;343:d7031.  
Muula, AS and B. J. Panulo. 2007. "Lost Invesment Returns from the Migration of Medical 
Doctors from Malawi" Tanzania Health Research Bulletin, 9(1): 61-64.  
Stilwell, Barbara, Khassoum Diallo, Pascal Zurn, Marco Vujici, Orvill Adams, and Mario 
Dal Poz. 2004. "Migration of Health-Care Workers from Developing Countries: Strategic 
Approaches to its Management" Bulletin of the World Health Organization, 82: 595-600.  
 
 
 
 
 
